Major identifiable causes of leukocytoclastic vasculitis include certain infections and medications. Amongst antithyroid drugs, methimazole (MMI) is rarely implicated as a culprit drug. We report the first case, in Thailand, of MMI-induced leukocytoclastic vasculitis in a 41-year-old Thai female who had received MMI for relapsed Graves' disease. MMI was discontinued and cholestyramine at a dose of 4 g four times daily was given instead. Her rashes on both legs resolved dramatically at 1-week follow-up. However, thyroid function test revealed unimproved thyrotoxicosis. She subsequently underwent radioiodine ablation as a definitive treatment. There were neither recurrent skin lesions nor other systemic involvements during the 3-month follow-up period. Notably, the most crucial step in the management of drug-induced leukocytoclastic vasculitis is the discontinuation of the offending drug in order to avoid further progression of the disease. The administration of immunosuppressive agents may not be necessary in patients with mild severity and non-vital organ involvement.
Introduction
Cutaneous small vessel vasculitis, also called leukocytoclastic vasculitis, develops mainly after certain infections or medications. The major clinical characteristics include nonblanchable tender palpable purpura or petechiae, mostly affecting the lower extremities. In patients with thyrotoxicosis, the medications which are known to be implicated in this condition include propylthiouracil (PTU), carbimazole, and much less often methimazole (MMI) [1] . The mechanism is far from well established. We herewith report a rare case of MMI-induced leukocytoclastic vasculitis in a female patient who was being treated for thyrotoxicosis.
Case Report
A 41-year-old Thai female visited our dermatology clinic due to acute itchy rashes on both lower legs for 4 days. Six years earlier, she was diagnosed with Graves' disease. MMI and propranolol were orally administered at doses of 15 mg once daily and 20 mg thrice daily, respectively. A good clinical response was gradually achieved before becoming euthyroid, without any sequelae. The medications were then tapered and discontinued within 17 months. She had been in her usual state of health until 3 months prior to presentation, when recurrent symptoms of thyrotoxicosis, including fatigue, palpitation, irregular menstruation, frequent bowel movement, and tremor, developed. At the time, a thyroid function test revealed a free T3 of 6.77 pg/mL (normal 1.88-3.18), free T4 of 2.26 ng/dL (normal 0.70-1.48), and TSH <0.0038 μIU/mL (normal 0.35-4.94). MMI (10 mg once daily) together with propranolol (10 mg thrice daily) was again initiated. Four days before presentation, she noted extensive pruritic small papules on both lower legs without other organ-specific symptoms. On examination, her body temperature was 37°C, pulse rate 90 beats per minute (regular), blood pressure 132/74 mm Hg, and the respiratory rate was 18 breaths per minute. Multiple small nonblanchable erythematous itchy macules and papules on both lower legs were noticed (Fig.  1a) . A diffusely enlarged, nontender, mobile thyroid -measuring approximately 30 g -with bruits was palpated. The remainder of the general examination was normal. Investigations revealed that complete blood count, CH50, C3, C4, blood urea nitrogen, creatinine, urinalysis, and chest radiograph were all within normal limits. Erythrocyte sedimentation rate was 51.0 mm per hour (normal 4.0-20.0). Liver function test was normal except for gamma-glutamyl transferase of 62.0 U/L (normal 9.0-36.0). Antinuclear antibody was negative at a serum dilution of 1:80. Myeloperoxidase antibodies and proteinase 3 antibodies were both negative. Serological tests for hepatitis B, hepatitis C, and HIV were all negative. After histopathologic and direct immunofluorescent studies confirmed leukocytoclastic vasculitis (Fig. 2a, b) , MMI was discontinued and cholestyramine (4 g four times daily) was initiated. Propranolol at 10 mg thrice daily was continued for symptomatic control of palpitations. One week after discontinuing MMI, the lesions on both legs resolved (Fig. 1b) . The re-evaluated thyroid function test revealed a free T3 of 8.43 pg/mL (normal 1.88-3.18), free T4 of 2.26 ng/dL (normal 0.70-1.48), and TSH <0.0038 μIU/mL (normal 0.35-4.94). Two weeks later, she subsequently underwent radioiodine ablation as a definitive treatment. There were neither recurrent skin lesions nor other systemic involvements during the 3-month follow-up period.
Discussion
MMI is a preferred drug in the treatment of hyperthyroidism, except in particular conditions such as pregnancy, thyroid storm, and intolerance to the medication [2] . It blocks oxidation of iodine and inhibits synthesis of thyroxine and triiodothyronine [3] . Compared with PTU, it has a longer duration of action and a lower incidence of adverse reactions [4] . Major adverse reactions include agranulocytosis, hepatitis, and vasculitis. Clinical and laboratory monitoring is highly recommended while administering this medication. Our patient had taken MMI for 3 months before developing multiple nonblanchable erythematous macules and papules coalescing into plaques on the lower extremities. The remainder of the symptoms and signs was unremarkable. Histology and direct immunofluorescent study confirmed leukocytoclastic vasculitis.
Causes of cutaneous small vessel vasculitis can be categorized into 2 groups: infectious causes, which occur in 9.0-36.0% of cases, and noninfectious causes, which include multiple etiologies, with the most common etiologies being drug induced (8.6-36.0%) and idiopathic (15.4-29.7%) [5, 6] . Common culprit drugs include β-lactam antibiotics, sulfonamides, hydralazine, thiazides, allopurinol, retinoids, nonsteroidal anti-inflammatory drugs, and antithyroid agents [5] . Of the antithyroid agents, PTU is the most common cause, being approximately 40 times as frequent as MMI [7] . Other less common noninfectious causes include connective tissue diseases (6.4-25.0%) and malignancies (2.3-8.0%) [5, 6] .
In our patient, a comprehensive workup was performed which ruled out infections, malignancy, and other systemic diseases. A possible alternative explanation is that thyroid disease itself can cause leukocytoclastic vasculitis via certain autoimmune processes as reported by Lionaki et al. [8] . In our patient, however, we believe that MMI is the most likely culprit as there was a strong temporal association between the timing of development of vasculitis and the administration of MMI as well as rapid resolution after MMI withdrawal. In addition, by the time the vasculitis resolved, thyrotoxicosis and an abnormal thyroid function test still persisted, making thyroid disease less likely to be the culprit.
In reviewing the literature, we found a total of 8 cases with MMI-induced leukocytoclastic vasculitis. Compared with PTU-induced vasculitis, this condition is exceedingly rare [9] . Its pathogenesis remains far from fully understood. Kawachi et al. [10] reported the first case of MMI-induced antineutrophil cytoplasmic antibodies (ANCA)-associated cutaneous vasculitis in 1995. The following cases confirmed the validity of the proposed pathogenesis which is related to the stimulation of a particular immune processes, leading to the production of ANCA [11] [12] [13] [14] [15] [16] . However, Kanat et al. [17] reported a case with recurrent hyperthyroidism who developed ANCA-negative cutaneous small-vessel vasculitis after taking MMI (20 mg daily) for 1 week. Likewise, in our case, we could detect neither myeloperoxidase antibodies nor proteinase 3 antibodies. Due to the low molecular weight of MMI [18] , the mechanism implicated in these ANCA-negative cases is more likely to be related to an immune complex-mediated process. Although previous studies have shed some light on the pathogenesis of drug-induced vasculitis [19] , further studies are still needed for a deeper understanding of the mechanisms.
It is also interesting to note that most cases with MMI-induced leukocytoclastic vasculitis took many months to develop after the initiation of the medication. However, this is only true in individuals with no history of PTU exposure [12, 13] . In contrast, 4 reported cases [11, 14, 15, 17] , who had a history of prior PTU administration, developed MMI-induced cutaneous vasculitis over a shorter period of exposure (i.e., approximately 1 week). Given their similar structures, cross-reactivity between PTU and MMI may exist to increase the risks of leukocytoclastic vasculitis development. Therefore, it is important to rule out PTU exposure prior to diagnosing MMI-induced leukocytoclastic vasculitis.
In terms of management, the discontinuation of the culprit drugs in cases with highly suspected drug-induced vasculitis is crucial in order to prevent disease progression, which may lead to a life-threatening condition. The administration of immunosuppressive agents may be considered in cases with extensive cutaneous involvement or vital organ damage. These agents include prednisolone, cyclophosphamide, mycophenolate mofetil, methotrexate, and azathioprine [1, 20] . Our patient's cutaneous vasculitis dramatically resolved 1 week after the offending drug was withdrawn -without using an immunosuppressive agent. This is consistent with previous reports where the lesions completely resolved within a few weeks [7, 21] . She subsequently underwent radioiodine ablation as a definitive treatment of her hyperthyroidism. There were neither recurrent skin lesions nor other systemic involvements during the 3-month follow-up period.
Conclusion
We report the first case of MMI-induced leukocytoclastic vasculitis in Thailand which developed 3 months after exposure to the culprit drug. The diagnosis of leukocytoclastic vasculitis was confirmed by both histopathology and direct immunofluorescent studies. MMI was discontinued and the lesions resolved completely 1 week after MMI withdrawal. She subsequently underwent radioiodine ablation as a definitive treatment, and no recurrence occurred after a 3-month follow-up. MMI-induced leukocytoclastic vasculitis is exceedingly rare; however, it should be kept on the differential diagnosis as a possible culprit drug in patients who are being treated for hyperthyroidism. 
